Objective -To report the frequency and types of electrocardiographic alterations in patients with leptospirosis in the first 24 hours of hospitalization.
Leptospirosis is a zoonosis of universal distribution, even though more frequent in countries with a tropical climate 1 . The disease is endemic in several Brazilian regions, and epidemics occur in the rainy season 2, 3 . Experimental studies in animals and autopsies in human beings have shown that cardiac involvement in leptospirosis is frequent, even though it may occur without clinical manifestations [4] [5] [6] [7] . Despite this, few studies exist that report electrocardiographic alterations in patients with leptospirosis.
The estimates of the prevalence of electrocardiographic alterations in leptospirosis have been reported to reach 80% [7] [8] [9] [10] . Nevertheless, the influence of bias in these findings is difficult to eliminate due to the preferential selection of patients with clinical manifestations of cardiac disease. Apparently, Escosteguy et al 9 conducted the unique study properly designed to assess the electrocardiographic alterations occurring with leptospirosis. This study comprised only 56 patients, and the estimate of prevalence (71.4%) had little accuracy. Our study was conducted in the city of Salvador, in the Brazilian state of Bahia, where the incidence of leptospirosis is high 11 . The study aimed at reporting the frequency and types of electrocardiographic alterations in patients with leptospirosis right after hospital admission.
Methods
We assessed the electrocardiograms of 157 patients admitted to the Hospital Couto Maia, which is a referral center for infectious diseases, from March 1998 to July 1999. These patients participated in a randomized clinical trial developed to assess the efficacy of penicillin in the late phase of leptospirosis (ie, symptomatic disease lasting more than 4 days). All participants signed a written informed consent, which had been agreed on by the local committee on ethics. The electrocardiograms were systematically performed, independent of the patients' clinical findings, in the first 24 hours after hospital admission. The electrocardiographic tracings were analyzed by the same cardiologist, who had no previous knowledge of patients ' clinical findings. A standardized questionnaire was used for reporting the cardiac alterations, including the presence of arrhythmias, hypertrophy of the cardiac chambers, disorders of cardiac conduction, and alterations in ventricular repolarization.
The diagnosis of leptospirosis was established based on clinical and epidemiological data, and on the macroscopic agglutination (n=157) and microscopic agglutination (n=19) tests for leptospire. The microscopic agglutination tests were performed in the Centro de Pesquisas da Fundação Osvaldo Cruz -FIOCRUZ, and the macroscopic agglutination tests were performed in the Laboratório Central do Estado da Bahia (LACEN). The microscopic agglutination test was considered positive when the titer increased more than 4 times in paired serums or when the titer was greater than 1:800 in a single sample. The macroscopic agglutination test was classified as positive or negative.
The Fisher exact and Kruskal-Wallis tests were used for comparing categorical and quantitative variables, respectively. The accuracy of the prevalence of electrocardiographic alterations was estimated using the 95% confidence interval (CI), an exact method (mid-p), and the CONFINT module of Computer Programs for Epidemiologists 12 . For the Fisher exact test, the Exact 2xk module of the same software was used. The other analyses were performed with the Statistical Package for Social Science (SPSS) software 13 .
Results
All patients had positive macroscopic agglutination tests for leptospirosis. The characteristics of the 157 patients in general and stratified into 3 levels according to the type of electrocardiographic findings are shown in table I. The electrocardiogram was initially classified as normal (n=50), with atrial fibrillation (n=17), and with other alterations (n=90). The mean (±SD) age in the general group was 35.5±13.7 (median = 32) years. Predominance (89.8%) of the male sex was observed; 95.5% of the patients were icteric. The mean (±SD) duration of the symptoms was 6.6±1.7 (median=6) days. The mean (±SD) value of serum potassium was 3.27±0.65 mEq/L (median=3.1 mEq/L). The mean (±SD) levels of urea and creatinine were 193.8±118.7 mg/dL (median=178 mg/dL) and 4.43±2.12 mg/dL (median=4.5 mg/ dL), respectively. AST, ALT, and total bilirubin had the following means (±SD): 100.2±68.3 IU/L (median=82 IU/L), 69.9±56.6 IU/L (median=52 IU/L), and 21.4±13 IU/L (median=20.9 IU/L), respectively. The AST and creatinine levels were significantly higher in the group with atrial fibrillation (P=0.006 and P=0.017, respectively).
The prevalence of electrocardiographic alterations in the patients studied was 68.2% (107/157), 95% CI = 60.6%-75.1%. Table II shows in detail the percentage distribution of the types of electrocardiographic alterations. Of the major arrhythmias, atrial fibrillation was the most frequent, being present in 10.8% (17/157) of all electrocardiograms. 
Discussion
According to the results obtained, alterations in the electrocardiographic tracing could be observed in the first 24 hours of hospitalization in approximately 2/3 of the patients with leptospirosis in Salvador. This finding is in accordance with previous studies also carried out in Brazil [6] [7] [8] [9] . However, the present study used a sample almost 3 times greater than those used in previous studies, which resulted in a greater accuracy in the estimate of prevalence of electrocardiographic alterations. Of the major arrhythmias, atrial fibrillation was the most frequent (10.8%). Alterations in ventricular repolarization (38.9%) and first-degree atrioventricular block (10.2%) were other frequent findings.
It is worth noting that more than 70% of the patients were younger than 45 years, an age bracket in which the elevated frequency of arrhythmias, particularly atrial fibrillation, found in our study is not expected 14, 15 . Therefore, most alterations observed should have been caused by leptospirosis. The mechanisms determining the electrocardiographic alterations were not specifically assessed in the present study. We observed, however, that patients with atrial fibrillation had evidence of greater systemic impairment due to the disease. They had higher levels of AST and creatinine. It is reasonable to believe that patients with more severe clinical findings have a tendency towards more severe metabolic alterations and greater hemodynamic impairment. It is worth noting that myocarditis is a frequent autopsy finding in patients with leptospirosis, probably constituting an important cause of arrhythmias in these patients. Even though, in the present study the mean level of potassium was similar in patients with and without electrocardiographic alterations, we cannot discount the possibility that hypokalemia and other alterations contribute to arrhythmias in these patients. According to our results, the prevalence of electrocardiographic alterations in patients with leptospirosis right after hospitalization is high. Of the major arrhythmias, atrial fibrillation was the most frequent, and patients with this arrhythmia had more severe disease. New studies are required for a better understanding of the mechanisms of the electrocardiographic alterations in leptospirosis. The assessment of whether the presence and type of the electrocardiographic alterations are associated with the prognosis of leptospirosis is also important.
